This study investigated whether the previously reported associations in this birth cohort between maternal vitamin D and E intakes during pregnancy and childhood wheeze/asthma outcomes at age 5 and 10 years are still evident at age 15 years. In a prospective study of 1924 children recruited in utero, maternal vitamin D and E intakes during pregnancy were assessed by food frequency questionnaire and the children completed raespiratory questionnaire at age 15 years. Treatment for asthma at age 15 was also ascertained using healthcare data. Maternal vitamin D and E intakes were also related to combined childhood asthma data collected at 1, 2, 5, 10, and 15 years of age. 
between maternal diet during pregnancy and childhood asthma and atopic disease. The cohort has been followed up at age 1, 2, 5, and 10 years and was one of the first to report associations between lower maternal vitamin D and E intakes during pregnancy and an increased likelihood of childhood wheeze and asthma up to the age of 10 years. [9] [10] [11] [12] We present here the results of the 15 years cohort follow-up, performed to test the hypothesis that the associations between wheeze/asthma outcomes at age 5 and 10 years with maternal vitamin D and E intakes during pregnancy persist beyond puberty. We believe this to be one of very few birth cohorts repeatedly followed-up in order to prospectively relate maternal nutrient intakes during pregnancy to wheeze outcomes throughout childhood and beyond puberty.
| METHODS
The current follow-up replicated the methodology described in previous phases of follow-up of this birth cohort: the 15-year follow-up comprised a postal questionnaire, detailed clinical assessment and use of routine healthcare data. The wheeze and asthma questionnaire data collected at the 1-, 2-, 5-, 10-, and 15-year followups were combined for longitudinal analysis. [9] [10] [11] [12] Maternal vitamin D and E intakes were then related to wheeze/asthma outcomes at 15 years and to the combined 1, 2, 5, 10, and 15 years data.
| Recruitment of pregnant women
Between 1997 and 1999, 2000 healthy unselected pregnant women attending routine antenatal clinics were recruited at median 11 weeks gestation. 9 At enrolment, an interviewer administered a questionnaire, allergen skin prick testing (SPT) was performed and a non-fasting blood sample obtained. Plasma α-tocopherol was quantified by normal phase high-performance liquid chromatography. At 32 weeks gestation, dietary intake during the preceding 3 months was assessed using version 5.4 of the Scottish Collaborative Group Food Frequency Questionnaire (FFQ). 13 In women of childbearing age the correlation coefficients between 4-day weighed records and FFQ derived vitamin D and E intakes were 0.38 (P < 0.001) and 0.52 (P < 0.001), respectively. 14 
| Assessment of children at age 15
Singletons born to recruited women were invited to participate at age
15. An ISAAC based questionnaire, was mailed to cohort children in the month of their 15th birthday, with a single reminder if necessary. 9, 11 Wheeze was defined by an affirmative response to the question "have you had wheezing or whistling in the chest in the past 12 months?"
Similar questions enquired about "ever wheezed," "wheezed in the absence of a cold," eczema and hayfever. Doctor-diagnosed asthma (DDA) was defined by positive responses to the questions "have you ever suffered from asthma?" and "was this confirmed by a doctor?" Use of asthma medication/inhalers in the last year was also ascertained.
Current asthma was defined as asthma and wheeze in the previous year.
Children responding to the questionnaire were invited to complete an FFQ assessing dietary intake 13 and to attend an assessment that included spirometry and SPT. 11, 12, 15 The North of Scotland Research Ethics Committee (13/NS/0108) approved the study, written parental consent was obtained, and children gave written assent.
| Healthcare data follow-up
In the UK, asthma medications are only available by prescription and in Scotland individual patient level dispensing information for >98% of
General Practitioner prescriptions is retained in the Prescribing
Information System (PIS) database maintained by NHS Scotland. 16 PIS was used to increase case ascertainment for the 15 year outcome "have you been prescribed medicines/inhalers for asthma in the last 12 months?" PIS was used to identify cohort children resident in Scotland and whether they had been dispensed asthma medication (British National Formulary codes 3.1-3.3 17 ) ≥2 occasions in their 14th year.
The use of PIS and the linkage of asthma medication to the main study database in a secure data haven, followed by immediate anonymization by an independent third party was approved by the Public Benefit and Privacy Panel for Health and Social Care. PIS, prescribing information system. pregnancy was associated with an increased likelihood of a report of "ever wheezed" by 15-year-old children (Table 3 ). There were no associations between maternal vitamin D or E intakes with asthma or wheeze in the previous 12 months in 15-year-old children (Tables 3-5 
| Statistical analysis

| DISCUSSION
We believe this to be one of very few birth cohorts repeatedly that while optimizing maternal diet during pregnancy may lessen high burden of respiratory symptoms in young children, it is likely that any benefit to offspring would diminish and then disappear with the passage of time.
The results at age 15 need to be considered in context of previous follow-up phases of our cohort. Lower maternal vitamin D intake during pregnancy was associated with an increase in childhood wheezing between 2 and 5 years 10 and an increase in wheeze and asthma at age 10. 12 Lower maternal vitamin E intake during pregnancy was associated with an increase in childhood wheeze at age 2 and 5
and with an increase in asthma at age 5. 9,11 Lower maternal plasma α-tocopherol during pregnancy was associated with reduced FEV 1 at age 5 and an increase in asthma at age 10. The previous phases of follow-up reported no association between the diets of the children at 5 and 10 years, as measured by age specific FFQ, and asthma and wheeze outcomes. 11, 12 Similarly the current phase of follow-up found no association between the diets of the children at age 15 years and wheeze/asthma outcomes suggesting that maternal diet during pregnancy is more important in the etiology of wheeze and asthma than childhood diet.
The results of the previous phases of this cohort study are consistent with the findings of several systematic reviews. However, the findings of the current study that any associations with maternal vitamin D and E intakes disappear by the age of 15 is an important advance in the field since we followed up children at an age older than any study included in the systematic reviews. identified. 6 Most of the studies reported follow-up at a single time point.
The mean age of the children included in these systematic reviews was In their systematic review, Beckhaus et al 3 identified five birth cohort studies and reported maternal vitamin D intake during pregnancy to be associated with a reduction in childhood wheeze.
The oldest age of follow-up of the included studies was seven years and they reported no associations with asthma. The 10-and 15-year follow-up of the current cohort add to this systematic review by demonstrating associations with asthma at age 10 that have waned by age 15. The systematic review of Wu et al identified 10 studies and reported maternal vitamin E intake during pregnancy to be associated with reduced risk of childhood asthma and wheeze. 4 The oldest age of follow-up of the included studies was 10 years, the current study would suggest that these associations are likely to be absent by age 15.
The strengths of the current study include extended follow-up of a birth cohort that has previously reported associations between childhood wheeze/asthma and maternal vitamin D and E. A further strength was use of routinely collected healthcare data to increase case ascertainment to 88%. In addition, outcome data prospectively collected to the age of 3 years, although for VDAART the effect size was of borderline significance. 7, 8 It is notable that for VDAART most of the beneficial effect of maternal vitamin D supplementation appeared to be in the first year, with absolute effect size declining with age. 8 The results of the current cohort study suggest that any effects of vitamin D supplementation during pregnancy could be evident until age 10. Although DEVEREUX ET AL. | 17 they should be considered with a degree of caution because of lack of association in the PIS follow-up, the analyses of combined maternal vitamin D and E intakes demonstrating associations with asthma outcomes at age 15 suggest perhaps, that a multifaceted approach to intervention during pregnancy with several nutrients should be considered.
The genesis of this study was in 1990, when an alarming rise in asthma among schoolchildren had been observed in developed countries. The rise in the UK coincided with a reduction in the nutrient content and/or intake of fresh fruit and vegetables across the population. 2, 23 We hypothesized that such a change would increase population airway susceptibility to allergens and irritants and thus contribute to the rise in prevalence. 2 Our early studies pointed to vitamins E and D having a role in airway disease and, since the rise in prevalence had occurred in young children, we proposed that the mother's diet during pregnancy would influence the child's risk of developing asthma. 24 This study, now complete to age 15, has confirmed that there is an association between risk of early childhood asthma and a maternal diet characterized by low intakes of vitamins E and D. As the lungs grow towards puberty, so the effect diminishes and disappears, but leaves behind a trail of family anxiety and health service costs. In 1994, we predicted that improvements in childhood nutrition would reduce the prevalence of childhood asthma. 32.0 μmol/L (9.09). 27, 28 Intriguingly there is now evidence that the prevalence of childhood asthma in the UK is decreasing. 29, 30 
